Numerous studies support the notion that an activation of sphingomyelinases and a subsequent increase of the concentration of the bioactive lipid mediator ceramide are critical in the concert of inflammatory stimuli and to the induction of apoptosis during inflammation. Here we show that patients with severe sepsis exhibit an enhanced sphingolytic activity in comparison with controls [262 pmol/(mlxh) vs. 123.6 pmol/(mlxh), P<0.005]. During the clinical course, a further increase was paralleled by the severity of illness and by fatal outcome. Moreover, we show that oxidative stress may partially account for the increased activity through posttranslational modification of the enzyme. In a murine endotoxic shock model, administration of a low molecular weight inhibitor diminished the rise in enzymatic activity and improved the survival rate. In liver specimen, inhibition of activity correlated with a reduced rate of hepato-cellular apoptosis. Our data support the concept that activation of the plasmatic isoform of sphingomyelinase may play a critical role in the development of apoptosis and organ failure in sepsis. An inhibition of the secreted isoform of sphingomyelinase should be explored further as a potential target in the complicated puzzle of sepsis.
transduction pathways mediating the converging cytokine actions has been proposed as a more promising therapeutic approach (3, 4) .
Various bioactive lipids-sphingolipids in particular-have been implicated in the sophisticated signaling network that regulates immunological processes during inflammation (5) . Key enzymes in the initiation of the sphingomyelin/ceramide signaling pathway are sphingomyelinases that catalyze the breakdown of sphingomyelin to the potent second messenger ceramide (6) .
In this study we focused on SMPD1, which is a product of the acid sphingomyelinase gene (7) and an enzyme present in both plasma (pSMPD1) and intracellular lysosomes (8). Among the known types of sphingomyelinases, the secretory variant pSMPD1 is the only sphingomyelinase held responsible for an extracellular hydrolysis of sphingomyelin (7). pSMPD1 has been found to be secreted by macrophages, human skin fibroblasts, and human vascular endothelial cells (8, 9) . In endothelial cells, apical as well as basolateral secretion is stimulated by a variety of proinflammatory mediators such as IL-1β, IFN-γ, IFN-β, TNF-α, and endotoxin (9). Moreover, a two-to threefold increase in plasma sphingolytic activity was observed in animal models after application of endotoxin or proinflammatory cytokines (TNF-α, IL-1β) (10, 11).
Indirect evidence for an altered pSMPD1 activity during systemic inflammation has previously been found. Increased ceramide/sphingomyelin ratio in septic patients as well as its association with a poor clinical outcome were reported by Drobnik et al. (12). Delogu et al. (13) observed an increased ceramide concentration in mononuclear cells of septic patients that was positively correlated with plasma TNF-α levels and was higher among patients with MOF than in those without MOF. Furthermore, raised pSMPD1 levels in children with hypercytokinemia due to hemophagocytic lymphohistiocytosis have also been reported (14) .
To achieve a deeper insight into the role of pSMPD1 activity during sepsis, we analyzed the presence and activity in plasma of patients with sepsis and healthy controls and examined a potential association with clinical parameters of the acute phase response and multiple organ failure. Moreover, we addressed the question whether mechanisms other than a cytokinestimulated secretion might be involved in the observed increase of pSMPD1 among septic patients. For this purpose we examined the immediate effects of oxidative stress on enzyme activity in a human ex vivo model. Moreover, we used an experimental animal model of endotoxic shock to evaluate the effect of an inhibition of SMPD1 by a novel, specifically designed carbazol-derivative (NB6) (15) on hepato-cellular apoptosis and mortality.
MATERIALS AND METHODS

Study population and control group
The study was conducted in the intensive care unit (ICU) of the Department of Anaesthesiology and Intensive Care Medicine, Friedrich-Schiller University, Jena, Germany. Procedures were reviewed and approved by the local ethics committee, and written consent was obtained whenever possible from the patient, otherwise from a legal representative. Twelve patients hospitalized in the ICU and meeting the clinical criteria of severe sepsis or septic shock, as defined according to the ACCP/SCCM Consensus conference (16) , were enrolled prospectively.
The first clinical evaluation and blood sampling were performed within 6 h after diagnosis. All patients were treated with antibiotics empirically according to our ward protocol. Adjustments of antimicrobial treatment were performed as needed based on the results of resistance analysis. Levels of the observed plasma proteins were also studied in a nonseptic, age-matched control group, consisting of 13 healthy volunteers [median age: 61.0 years, interquartile range (IQR) 25 .8].
Sample collection
Blood specimens were obtained through central venous catheters. Plasma samples were collected in nonheparinized tubes for measurement of pSMPD1 (see below). Sodium citrate was added as an inhibitor of blood clotting, and all samples were strictly kept at 4°C, centrifuged (1000×g, 15 min, 4°C) within 30 min of collection, aliquoted, and stored at -80°C until assayed. A group of 13 healthy male individuals from the ICU and laboratory personnel formed the basis for determination of reference values for pSMPD1.
Additional clinical data
As soon as diagnosis of severe sepsis or septic shock was established, risk of death was evaluated by assessment of the Acute Physiology and Chronic Health Evaluation (APACHE) II scoring system at baseline (17) . Furthermore, the Sepsis-related Organ Failure Assessment (SOFA) score as reported by Vincent et al. (18) was determined for each study day. Serum levels of creatinine, procalcitonin, lactate, C-reactive protein, thromboplastin time as well as the number of platelets were determined using commercially available test kits in the university's Department for Clinical Chemistry and Laboratory Medicine.
Determination of pSMPD1 activity
pSMPD1 activity was determined by the hydrolysis of fluorescently labeled sphingomyelin (NBD-SM, Molecular Probes, Eugene, OR) as a substrate, chromatographic product separation, and image analysis as described previously (19) with the following modifications: the final composition of the reaction mixture was 10 µl plasma, 10 µl zinc (Zn 2+ ) sulfate solution 2 mM, 1.0 nmol substrate in a final volume of 200 µl of 0.1% NP-40/62 mmol sodium acetate, pH 5.0. Incubation was performed at 37°C for 2 h; the extraction was carried out according to Bligh and Dyer (20) . Product separation was completed using silica gel TLC plates 60 F 254 (Merck, Darmstadt, Germany) and a mixture of chloroform/methanol/ammonium hydroxide (2 molar) 5/25/4 (v/v/v). The resulting NBD-labeled ceramide was assessed with a FLA-5 000 imaging system using the LBP filter set at 300 V/100 µm resolution (Fuji-Raytest, Berlin, Germany). Due to higher activity in murine plasma, plasma samples were diluted 1:5 with incubation buffer (sodium acetate, pH 5.0) before analysis. Specific activity of pSMPD1 was calculated by comparison with a calibration curve, which was linear for values corresponding to an activity of up to 2000 pmol/(mlxh).
Analysis of oxidative stress on enzyme activity
We examined the effects of 2,2'-azobis (2-amidinopropane) dihydrochloride (AAPH, Sigma, Deisenhofen, Germany) on pSMPD1 activity in the plasma of 12 healthy volunteers. AAPH is frequently used as a model substance to simulate the effects of oxidative stress in human plasma (21) . For this purpose, 10 μl of a 200 mM AAPH buffer solution was added to the reaction mixture, to give a final concentration of 10 mM. To illustrate a direct dependency between the observed effect and the induction of oxidative stress, 10 μl ascorbic acid (4 mM) in buffer solution was added to an otherwise identical set. A direct effect of the antioxidative ascorbic acid on enzyme activity was excluded; incubation time was extended to 3 h.
Characterization of NB 6
For in vivo inhibition of SMPD1, NB6, (3-carbazol-9-yl-propyl)-(2-(3,4-dimethoxy-phenyl)-ethyl)-methylamine was used (15) . NB6 was solved in DMSO (Sigma) at a concentration of 125 mg ml -1 , diluted to a final concentration of 0.8 mg ml -1 in NaCl (0.9%) and stored in aliquots at -20°C. DMSO (0.6% in isotonic NaCl solution) was used as vehicle control.
Experimental animals and animal model
Animal experiments were performed in accordance with local authorities (Landesverwaltungsamt Thüringen, 740.73-2684/02-08/98, 22.2684.04-02-30/4). Female NMRI mice (60-80 days old, weight 30-35 g) were used in this study. For the purpose of biochemical measurements and lethality experiments, endotoxic shock was triggered by intraperitoneal application of 0.9-1.2 mg endotoxin (E. coli, serotype 0111:B4, 2 mg ml -1 , dissolved in NaCl 0.9%, dispersed by ultrasound) in 31 animals of the verum groups (groups 1-4) and 29 controls (groups 1c-4c). The amount of endotoxin applied in matched pairs of mice treated with vehicle or verum was varied slightly in order to obtain similar physiological responses and survival times in each of the experimental series. NB6 was applied by repetitive injections (i.e., every 24 h during the first 3 days after endotoxin challenge) in order to maintain adequate plasma levels of NB6 as well as to observe possible dose-dependent effects and toxicity of the substance. During the study term (maximum 7 days), the animals were kept under standardized conditions with access to food and water ad libitum.
For mortality studies, animals were randomly divided into four groups: group 1 (n=7), 1.2 mg endotoxin, 440 µg NB6 each in four repetitive injections (30 min before endotoxin; 1, 3, and 9 h after endotoxin injections); group 2 (n=7), 1.0 mg endotoxin, 440 µg NB6, four repetitive injections as in group 1; and group 3 (n=8) and group 4 (n=9) with identical treatment: 0.9 mg endotoxin, 800 µg NB6 given repetitively 30 min before endotoxin injection and at time 1, 3, 7, and 11 h after endotoxin administration along with controls (n=7 for groups 1c, 2c, and 3c and n=8 for group 4c) treated with equivalent amounts of endotoxin and vehicle (isotonic saline) injected at the same time schedule as given for the treatment groups.
For analysis of pSMPD1, animals were randomly divided into four groups (n=9 each), and citrated plasma samples were drawn 24 h before experimentation for determination of basal activity by retro-orbital blood collection (150 µl) and centrifugation (4 min, 4°C, 1000g). Groups received sublethal endotoxin dosages i.p. (group 1 and 2) or vehicle (group 3 and 4). NB6 was administered s.c. (group 2 and 4) in four repetitive injections (440 µg each, 30 min before experimentation; 1, 4, and 8 h after endotoxin/saline treatment); group 1 and 3 received saline vehicle at the same time schedule. After 24 h, plasma samples were drawn as described.
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For preparation of histological samples, two additional groups of animals were pretreated with either NB6 (n=31, 880 µg per injection) or vehicle (n=31) 30 min before endotoxin application (1 mg). Repetitive dosages were administered 60 and 240 min after endotoxin injection. Seven hours after induction of endotoxic shock, mice were killed by cervical dislocation (performed under short-term anesthesia during spontaneous ventilation using isoflurane 5 vol%). For preparation of histological specimens, liver samples were harvested, immediately fixed with 4% paraformaldehyde, embedded in paraffin or embedded in Tissue-Tec, cryofixed in liquid nitrogen-cooled isopentane, and stored at -80°C until analyzed. In situ DNA fragmentation during apoptosis was identified by detection of TUNEL-positive cells with additional morphological characteristics of apoptosis such as cell shrinkage, chromatin condensation, and margination as described previously (22) (23) (24) .
Data presentation and statistical analysis
Statistical analysis was carried out using the Winstat for Excel and the SPSS (13.0) software packages. The exact, nonparametric Mann-Whitney U test was applied for comparison of patients vs. healthy controls, survivor vs. nonsurvivor at baseline, and absolute changes of enzyme activity over the whole study period. Data are given as median (Q1, Q3).
Maximum and minimum values of SMPD1 activity were tested for an association with alterations in other clinical variables such as SOFA or procalcitonin plasma level. The set of two values for a variable of interest corresponding to these extremes was analyzed by the exact Wilcoxon test for paired samples. To estimate the magnitude of the difference between the two values corresponding to maximum and minimum pSMDP1 activities, the median difference was determined. Differences were defined to be positive if the clinical variable of interest had a higher value on the day with maximal pSMPD1 activity than on the day with minimal pSMPD1 activity. We considered values of P < 0.05 to be statistically significant. After log transformation, effects of AAPH on pSMPD1 activity were compared using the paired sample t test. Activity is shown as the means ± SD; P < 0.05 was considered significant.
Regarding the animal experiments, differences between the verum vs. placebo group were calculated using the logrank test and the Gehan-Wilcoxon test. Survival rate data are presented in Kaplan-Meier plots. To analyze hepatic apoptosis rates, results of NB-6 vs. placebo group were compared using the Mann-Whitney U test. For analysis of change in pSMPD1 activity, basal activity levels were compared with activity levels 24 h after endotoxin application using the Wilcoxon test. Activity levels at 24 h after endotoxin challenge were compared using the MannWhitney U test; P < 0.05 was considered significant.
RESULTS
Plasmatic activity of SMPD1
A method for determination of zinc (Zn 2+ )-dependent acid sphingomyelinase in human and murine plasma has been evaluated in the present study. Calculations of the amount of resulting ceramide due to the sphingolytic activity of pSMPD1 were performed on the basis of a calibration plot for human and murine samples in appropriate concentrations (Fig. 1A) , and the presence of pSMPD1 was confirmed in plasma of two septic patients (Fig. 1B) .
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To obtain further information on variations of sphingolytic activities in the course of endotoxic shock, we analyzed pSMPD1 activities in plasma samples from mice (n=9) 24 h after endotoxin challenge. Average activity in the saline group raised from 2458 to 5036 pmol/(mlxh). Next, an inhibitor of SMPD1 biosynthesis (NB6) (15) was administered to reduce ceramide formation. The schedules for dosage and application intervals were derived from cell culture experiments, and our previous experiences with testing of related compounds (25, 26) . Preadministration of NB6 prevented the increase of pSMPD1 activity as compared with endotoxin [median value, 2797 pmol/(mlxh), P<0.05] but had no effect on the enzyme activity in animals without endotoxin challenge [2875 pmol/(mlxh)] (Fig. 2A) . Absolute changes in SMPD1 activity in mice treated with endotoxin without NB6 pretreatment in comparison to basal levels are illustrated in Fig. 2B (P<0.05) .
Beneficial effects of SMPD1 inhibition in an endotoxic shock model
In an NMRI mice model, endotoxic shock was triggered by i.p. endotoxin administration. As illustrated in the Kaplan-Meier diagram, analysis including all subgroups (details are given in Materials and Methods) showed an improved survival rate of NB6-treated mice compared with saline (Fig. 3) . Twenty-six of 29 animals died in the saline-treated group during the period of administration of NB6 or vehicle of 3 days (89.7%), whereas the mortality rate was significantly lower in the NB6-treated group (20 of 31, 64.5%). Subgroup analysis revealed neither significant toxic effects nor increasing efficacy with increasing doses of NB6 injected (data not shown).
Previous studies indicated that the liver is a major organ responsible for perpetuation of sepsisassociated MOF, and induction of apoptosis during sepsis has been shown in human (27) and animal (28) tissue. To further characterize a potential antiapoptotic effect of NB6 in a short-term experimental design, we analyzed hepatic DNA fragmentation using the TUNEL method and determination of morphological changes during apoptosis. After triggering endotoxic shock, we were able to demonstrate a significantly diminished number of stained cells (Fig. 4A) in the NB6-treated group (25%) (Fig. 4C) vs. the saline-treated group (43%) (Fig. 4B ) (P<0.0001) 8 h after endotoxin administration.
pSMPD1 activity in critically ill patients
Encouraged by the results obtained in these animal experiments, we prospectively analyzed pSMPD1 activity in a group of critically ill patients. Main demographic, baseline clinical, and microbiological characteristics of the patients are summarized in Table 1 . There were no differences in the SOFA score and lactate levels on the first day of diagnosis of sepsis/septic shock (Table 2) , and procalcitonin levels were even higher in survivors (P<0.05).
Significantly elevated levels of pSMPD1 activity were found in patients in comparison with healthy controls: the median for the pSMPD1 activity in the control group was 123.6 pmol/(mlxh) [first quartile (Q1), 76.7; third quartile (Q3), 181.9] as opposed to a median of 262.3 pmol/(mlxh) (Q1, 234.4, Q3, 370.4) for the pSMPD1 activity in patients with sepsis at In nonsurvivors (n=7) sphingolytic activity increased during the study period [+77.4 pmol/(mlxh), (Q1, -2.7; Q3, 365.8)] compared with a decrease in survivors [-252.1 pmol/(mlxh), (Q1, -254.8; Q3, -108.2)]. Considering intraindividual changes over the study period, there were significant differences between survivors and nonsurvivors. As shown in Fig.  5 , we found a further increase among nonsurvivors by ~24% (Q1, 2.4; Q3, 143.9), but a decrease among survivors by ~65% (Q1, -66.9; Q3, -41.6) was observed (P<0.02).
Comparison of pSMPD1 activity with other clinical parameters
To obtain further insight into factors influencing pSMPD1 activity, we compared pSMPD1 activities with parameters relevant for clinical evaluation. We found that SOFA scores were significantly higher on days with maximal pSMPD1 activity than on days with minimal pSMPD1 activity [median difference: 4 points (1.5; 5.5) P<0.005 (one-sided)]. The same relationship was observed for procalcitonin [median difference: 1.84 ng/ml (0.3, 13.6), P<0.05 (one-sided), data not shown].
Effects of oxidative stress on enzyme activity
Qiu and colleagues observed an increase in enzymatic activity after oxidation of a C-terminally located cysteine group in recombinant SMPD1 (29) . Thus, we addressed the question whether prooxidative conditions affect activity of pSMPD1 in human plasma. More specifically, we assessed the immediate effect of oxidative stress known to be increased under inflammatory conditions, such as observed during sepsis.
Basal pSMPD1 activity was determined as 122.7 ± 21.5 pmol/(mlxh). As expected, addition of ascorbic acid did not result in a significant change in sphingolytic activity [117.8±19.9 pmol/(mlxh)]. However, addition of the oxidant AAPH to the plasma was followed by a substantial rise in pSMPD1 activity by 87% to a value of 207.2 ± 26.1 pmol/(mlxh). This increase was significantly attenuated by parallel incubation with ascorbic acid. (Fig. 6 ).
DISCUSSION
This study shows for the first time that circulating pSMPD1 enzyme activity is markedly elevated in patients with sepsis. In fact, the observed plasma activities in septic patients clearly exceed the enzymatic activities reported to induce biological effects in cell culture systems (25, 26) . The patients selected for our study were included prospectively and are deliberately heterogeneous to evaluate the general role of elevated plasma SMPD1 activity. Patients featured differences and diverse degrees of concomitant diseases, variable sources of infection, a broad range of sepsis severity as reflected by differing levels of inflammatory markers. Despite this heterogeneity, a uniform and broad increase in the activity of the sphingomyelin-cleaving pSMPD1 was observed; in patients with fatal outcome, an increase in sphingolytic activity over time could be demonstrated. The absolute changes of pSMPD1 activities during the observation period on ICU allowed discrimination between surviving and nonsurviving patients displaying an inverse trend of pSMPD1 activity. Our data further suggest that this increase is paralleled by changes of established severity markers such as SOFA and procalcitonin known to predict outcome.
In keeping with these findings, the results of our animal studies provide further evidence for a crucial role of SMPD1 in the pathogenesis of systemic inflammation and subsequent organ failure, with impact on survival rate and apoptosis of end organs such as the liver.
Various mechanisms may be involved in the observed increase of SMPD1 activity in plasma of septic patients. Up to now, strong evidence has been provided for a cytokine-and endotoxinstimulated secretion of pSMPD1 from endothelial cells (10, 30). However, in critically ill patients not only cytokines but also the release of reactive oxygen species contributes to the pathophysiology of systemic inflammation (31) (32) (33) , oxidative stress is known to modulate the catalytic activity of a variety of enzymes (34) . In our ex vivo setting, incubation of plasma in the presence of AAPH, as oxidative stimulus, resulted in a pronounced rise in sphingolytic activity. So far, an increase of enzymatic hydrolysis by oxidative modification has only been shown for the recombinant protein (29) . Qiu et al. made the modification by a "cysteine switch" or a copper-induced dimerization via disulfide bond formation responsible for an increase in enzymatic hydrolysis (29) . Our data suggest that this mechanism of posttranslational modification is also of relevance to the secreted sphingomyelinase in human plasma. Hence, oxidative stress induced by systemic inflammation might well have contributed to the increase in pSMPD1 activity that we observed in septic patients as well as in the endotoxic animal model. Ceramide, the product of sphingomyelin hydrolysis, is known to induce the production of reactive oxygen species in endothelial cells (35) . Under oxidative conditions, it may thus be part of a self-perpetuating positive feedback mechanism based on the posttranslational modification of pSMPD1. A similar positive feedback mechanism that implicates increased ceramide levels in the transcriptional up-regulation of SMPD1 activity, was previously suggested by our group (15) . Macrophages show a marked increase of SMPD1 synthesis when exposed to hexanoyl-ceramide in cell culture experiments. Drobnik et al. (12) recently described an increased ceramide-tosphingomyelin ratio in septic patients. While the altered ratio may in itself be a consequence of the elevated pSMPD1 levels, ceramide could possibly function as a stimulus for a transcriptional up-regulation of the pSMPD1 synthesis.
The actual sites of action and the effects mediated by pSMPD1 in detail still await further exploration. In view of our findings and based on various other studies, two main targets for pSMPD1 seem most plausible. First, there is considerable evidence for an extracellular sphingolipid metabolism that appears to be important in a variety of diseases. pSMPD1 represents a key enzyme in starting off the gradual breakdown of inert sphingomyelin into downstream bioactive mediators, and previous findings suggest that SMPD1 is moderately elevated in chronic disease states such as diabetes (36) and atherosclerosis (9, 30). Consistent with our findings and the concept of an extracellular sphingolipid metabolism, Drobnik (12) described elevated ratios of plasma ceramide and sphingomyelin in septic patients. This could reflect an elevated activity of pSMPD1. Furthermore, the authors describe a correlation between the increased ratio with poor outcome in their patients' cohort. Lightle (10) provided evidence that probably both an increased pSMPD1 and an elevated hepatic de novo synthesis of ceramide may account for increased plasma ceramide levels observed in the acute phase response and endotoxic shock. Second, elevated pSMPD1 levels in the plasma may influence the intracellular sphingolipid metabolism directly and lead to an in situ generation of intracellular ceramide. The incubation of cells with exogenous sphingomyelinases is a widely used in vitro model to illustrate the biological effects of intracellular ceramide generation. As sphingomyelin is preferentially distributed in the outer leaflet of cellular membranes (8), after inflammation triggered secretion, pSMPD1 gains unlimited access to its substrate and may thus produce huge amounts of ceramide. In this context, Garzia-Ruiz et al. affirm that there is a selective sensitivity of distinct cell types to different types of exogenously added sphingomyelinases (37) . Compatible with our results indicating a decreased hepatic apoptosis rate after SMPD1 inhibition, they demonstrated that hepatocytes are selectively induced to enter apoptosis by an exogenous acid sphingomyelinase. In contrast, this effect could not be elicited by exposure to a neutral, bacterial sphingomyelinase.
A variety of mediators of the acute phase response such as endotoxin, interleukin 1β, and TNF-α induce hepatic apoptosis via early hepatic generation of ceramide (38) . The progression of sepsis in BALB/c mice after intravenous application of Escherichia coli preparations resulted in a very similar extent of apoptotic cell death in liver biopsy specimens (39) . Using an identical method (TUNEL staining), we found that nearly 40% of hepatic cells underwent apoptosis 8 and 24 h postinjection. Similarly, the disseminated endothelial apoptosis seen in endotoxemia and known to be implicated in the pathogenesis of organ dysfunction (40) has been attributed to the sequential action of TNF-α and ceramide (41) .
Many of the deleterious effects of an activation of sphingomyelin hydrolysis are abrogated in SMPD1 −/− mice, which display an improved survival rate after injection of endotoxin in lethal dosages (10). Again, this is consistent with our findings of improved long-term survival after inhibition of SMPD1 synthesis by NB6. NB6 is known to affect activities of stress-inducible kinases in human smooth muscle cells (25, 26) . Furthermore, NB6 was shown to inhibit transcription of sphingomyelinase. This, however, does not rule out additional inhibitory mechanisms. Due to structural similarities to desipramine, NB6 may similarly interfere directly with enzyme-membrane interactions (42) .
Inhibition of the hydrolytic activity of SMPD1 may have a therapeutic potential and can be achieved by the novel blocker NB6. In line with that, Goggel and colleagues (43) provided the first promising evidence that SMPD1 inhibition constitutes a potential therapeutic target in the treatment of PAF-induced pulmonary edema and acute lung injury. Equally, the inhibition of the sphingomyelinase pathway may be a therapeutic approach in alleviating the sphingolipidmediated myocardial depression induced by endotoxin (44) . In fact, antiapoptotic therapeutic strategies for critically ill patients targeting effectors that modulate sepsis-induced cell death have shown encouraging results (45, 46) , although their impact on outcome in sepsis-related MOF in the critical care unit at present is unknown. 1 . Determination of pSMPD1 activity. A) Increasing amounts of fluorescently labeled sphingomyelin, which was used as a substrate for analysis of plasma sphingolytic activity, were applied on TLC plates (range 2-80 pMol), and emission intensities were determined using a FLA 5 000 (Fuji). Data represents means of two separate experiments. B) Aliquots of 10 µl human plasma (EDTA free) were incubated at moderate acidic conditions (Na acetate 100 mM, pH 5.5) in the presence of Zn ++ for 2 h at 37 °C. After lipid extraction according to Bligh and Dyer (20) , the organic lipid phase was evaporated; the pellet was dissolved in methanol and the resulting product NBD-ceramide (Cer) was separated from remaining substrate (sphingomyelin, SM) on TLC silica plates. Fluorescence intensities of Cer-spots formed were determined using FLA5000 system. Amounts of pMol Cer were calculated from the respective intensities using the calibration plot in A. Representative lipid patterns of two septic patients are shown. by intraperitoneal application of endotoxin. Animals were randomly assigned to receive NB6, an SMPD1 inhibitor, or saline solution as described in Materials and Methods. A) SMPD1 activity was monitored 24 h after endotoxin challenge with and without preadministration of the inhibitor. *Significant differences in sphingolytic activity (P<0.05) calculated by the Mann-Whitney U test. Administration of the inhibitor alone has no effect on enzyme activity in unstimulated animals [2875 pmol/(mlxh)]. B) Change in SMPD1 activity treated with endotoxin without NB6. Given are differences in sphingolytic activity in comparison to basal levels 24 h before experimentation. (*P<0.05, Mann-Whitney U test). . Addition of AAPH (10 mM) was followed by an absolute increase to 207.2 ± 26.1, which is substantially attenuated by parallel incubation with ascorbic acid (149.8±20.1). The addition of ascorbic acid had no effect on pSMPD1 activity (117.8±19.9). Values of changes in percent to baseline are given as boxplots; means are indicated as filled rectangles, # P< 0.00002, *P < 0.001 to baseline.
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